The Plantwise programme in Bangladesh was launched in 2015 to build local capacity in plant pest and disease management to enable frontline extension workers to provide practical recommendations to farmers. We assessed the impact of plant clinics on farm productivity and profitability with a focus on cucurbits with fruit fly. A quasi-experimental approach was taken, with a matching design, based on similarity of agro-ecological zone, crops grown and pests and diseases. Results showed an increase in income for plant clinic users growing all types of cucurbits.
Context
The Plantwise programme in Bangladesh was launched in 2015. The aim of the programme is to build local capacity in plant pest and disease management to enable frontline extension workers to make accurate diagnoses and provide practical recommendations to farmers, and provide farmers greater opportunities to discuss their problems with reliable plant doctors. Within three years (from 2015-17), the programme had scaled-up to 30 plant clinics across 10 districts.
A previous study in 2017, assessed the knowledge, attitude and practices (KAP) of farmers towards solving crop related problems and determined the impact these KAP changes had on their yield and income (Rajendran and Islam, 2017) . They found that users of the plant clinic are more equipped to identify crop problems quickly compared to non-users. Plant clinic users were 4.6 times more likely to indicate that their farm management knowledge had increased compared to non-users. The adoption rate of the recommendations was also found to be higher and 93% of the plant clinic users fully implemented the advice they received from plant doctors. More than 70% of the plant clinic users reported a higher profitability owing to reduced pesticide use and yield increases.
An analysis of plant clinic records in Bangladesh indicate that more than 10 percent of queries relate to Cucurbita sp. including pumpkin, ash gourd, bitter gourd, snake gourd, ribbed/ridged gourd and cucumber. The major pest for this family of crops is fruit fly, and that more than 50% of the queries at the clinics were related to disease management of fruit fly.
Approach
The objective of the study was to assess the impact of the plant clinics on the farm productivity and profitability. The main hypothesis underlying the relation between setting up of plant clinics and enhancement of farm productivity is through improvements in farmers' knowledge, adoption of on-farm pest management practices, and management of cucurbits with fruit fly. Therefore, to evaluate the impacts of plant clinics on farm productivity, the study answered the following questions:
• To what extent are plant clinics helping farmers to update their knowledge and to what extent is this knowledge being adopted for farm management practices? • What are the household/farmers' characteristics that determine the adoption of the knowledge obtained from plant clinics in on-farm management practices?
Data collection
The sample size was 226 users vs. 376 non-users. During the sampling, care was taken to choose similar proportions of male and female households in the user and non-user group. Treated farmers were purposively selected from the POMS database. A larger control group was selected to ensure that a matched group could be created during the matching exercise. The set of non-users were randomly selected from the same unions 1 as the users such that agro-ecological similarity was maintained. The control group (non-users of plant clinics) was selected to be as similar as possible to the treatment group (users of plant clinics) in terms of baseline characteristics and control farmers were randomly selected from the villages in the same union. A list of farmers, growing cucurbits and affected by fruit flies, from these villages was used, with every 3 rd farmer on the list being chosen for interview. The quantitative data was collected by trained enumerators through a structured questionnaire, based on Silvestri et al (2019) , to elicit information on:
• Demographic and farm characteristics • Farming systems: crops grown, land ownership and allocation • Economic data: costs of input, prices of output and yield • Interventions used by the farmers
The survey utilized computer-assisted-personal-interviewing (CAPI) and was carried out during the postharvest season in August 2018.
Analysis
Impact evaluation studies generally follow statistical approaches such as Neyman-Rubin Counterfactual Framework 2 (as elicited in Guo and Fraser, 2010) . They use counterfactuals that refer to potential outcomes that would have happened in absence of the cause (Shadish et al., 2002) . In these studies, a quasi-experimental approach can be used, with a matching design based on (i) similarity of agroecological zone, ii) similarity of crops grown; iii) similarity of pests and diseases; iv) no spill-over effect into the non-clinic user area. However, as farmers choose to come to plant clinics, selection bias is a major challenge: propensity score matching techniques may help to address this.
In this study, the data analysis was conducted using both descriptive and inferential statistics using STATA-15. The impact of the use of plant clinics on the adoption of farming technologies and net farm income was estimated by two different matching methods: Nearest Neighbourhood Matching (NNM) and Propensity Score Matching (PSM). This approach allowed us to control for selection bias and to reduce the possibility that the observed differences in the outcomes between the two groups may be due to an imperfect match rather than caused by the intervention. The estimation of the impact of the plant clinic use on farm income was conducted in two stages: firstly, analysis for each of the nine crops was conducted using PSM and NNM to see if there was any significant variation with respect to the total yield 3 , cost of production 4 , and crop-wise farm income 5 . Then differences in net farm income 6 were tested separately using the same techniques.
The independent variables used for analysis included: i) age of the head of the household, ii) educational level of the head, iii) highest education level achieved by any member, iv) household size, v) young dependent ratio (the ratio between number up to age 14 years and total household size), vi) total farm size (total area used to cultivate Cucurbita last season), vii) total value of assets owned by the household, viii) whether the household experienced any crop failure in the last season, ix) whether the household received any free inputs, x) whether they experienced any health hazards, and xi) whether they received any credit. In terms of matching the independent variable, the estimation showed a good match between 224 treated and 376 untreated observations, where only 2 treated observations were dropped.
2 Initiated by Neyman in 1923 and extended by Rubin in 1974 Rubin in , 1978 Rubin in , 1980 Rubin in and 1986 Total yield is defined as production for both household consumption and sale. 4 Cost of production refers to the total cost incurred for inputs, pesticides etc. Plant clinic users, in general, used a significantly higher number of pest control practices compared to plant clinic non-users, when tested through both matching methods. Overall clinic users were 90% more likely to use pest control practices than non-users (significant at 1% level). Table 1 shows the likelihood of plant clinic users using each pest control method as compared to clinic users. For example, those farmers who used plant clinics were 20 percent more likely to use pheromone traps compared to nonusers and this difference is statistically significant at 1% level. Therefore, it can be inferred that plant clinic users not only tend to use greater number of pest control practices, but also, they are more likely to use each of the practices compared to non-users. These findings allow it to be inferred that use of plant clinic has a positive impact on the use of pest control practices by households. It may also improve their ability to deal with pest challenges and problems. Table 2 shows crop-wise differences between users and non-users for all nine varieties of crops considered in the study. The increased cost of pesticide use in four out of the nine crops is due to the use of different, more expensive pesticides, or increased dosage of similar pesticides, in line with plant doctor recommendations. For all crops apart from sponge gourd, the yield is significantly different, while the gross income is significantly different for all crops. The net income is significantly different for all crops apart from sponge gourd and ribbed gourd. In these two cases users are getting a slightly better price for their produce but the price increase is insufficient to compensate entirely for the increase in production costs. 2. Numbers in parenthesis represent the number of farmers sampled in user and non-user group respectively.
Farm Productivity
3. *p<0.10, **p<0.05, ***p<0.01 for independent sample t-test between users and non-users However, the sample size on an individual crop basis is small and the significance tests are therefore not very robust. Therefore, NNM and PSM were used to test whether use of plant clinics led the farmers to have greater net farm income from the production of all cucurbit crops. 7
All the estimates provide statistically significant positive coefficients for clinic use, which means those plant clinic users had, on average, higher net farm income compared to plant clinic non-users.
Considering the average treatment effect on treated for the PSM estimations, the average income for clinic users was about 6631 BDT (USD 78.99) (33%) higher than the non-users and the difference was significant at 1% level.
Sharing of advice
There was a snowball effect of plant clinics in terms of users spreading the knowledge among others. About 80 per cent of farmers, who used plant clinics, informed other farmers about the advice received from plant clinic with an average of over 4 people informed by each of these households. The total number of persons informed was 907, implying that information and knowledge was shared among users and non-users. This may help farmers who have not visited plant clinics, and therefore, the non-users may also indirectly benefit from plant clinics.
Conclusions
Plant clinics seems to be a crucial intervention which may improve the livelihood of farmers. For example, visiting plant clinics may improve the knowledge of the farmer regarding good agricultural practices. This may in turn improve farm productivity and farm income. The study presented empirical evidence inferring that using of plant clinics was associated with improved farming practices and knowledge gain by farmers. Use of the practices prescribed by the plant clinics may help reduce the damages from pests and thus increase production per unit of land. Given that the market price of the crop was not very variable, increased production may increase farmer income and their economic well-being. This could be the reason for the clinic users having significantly higher income compared to the non-users. In addition, the sharing of information to other may spread good agricultural practices among other farmers who had not visited plant clinics. Therefore, both users and non-users may benefit at the same time.
The opinions and experience of farmers using the plant clinics show that plant clinics were mostly able to satisfy farmers' need and, therefore, had positive impact on farm productivity in one way or another. Problems were identified efficiently, and advice was effective, which may not only increase the productivity but also raise farmers' confidence. This is crucial for sustainability of such interventions as well as farm productivity. Therefore, interventions such as plant clinics may guide farmers towards more sustainable farming.
with like. This also means that gross income cannot be compared as production costs have not been excluded. Yield per hectare cannot be tested through matching techniques because yield measurements varied. Net income is the only comparable measurement across all nine cucurbit crops.
